Introduction
The process of lymphocyte recirculation is a critical element extremes, thymic export alone produces a wide diversity of freshly generated TCR while expansion of the mature T cell in the integration of systemic immune responses which allows a large repertoire of low frequency TCR specificities to migrate population results in reduced diversity due to the expansion of a small number of pre-existing clones (4). The consensus continuously between blood, tissues and lymph, thereby bringing the entire range of receptor specificities into contact view of the lifespan of peripheral T cells is that naive T cells are long-lived cells which home predominantly to spleen and with antigen to maximize the efficiency of immunological surveillance (1,2). In postnatal animals the requirement for LN while memory/effector subsets are short-lived cells which home preferentially to skin, gut and other peripheral tissues lymphocyte recirculation through lymph node (LN) and an intact lymphatic system for dissemination of immunological rather than LN (2,5-7). The question of the lifespan of peripheral T cells, however, is not yet fully resolved, and there memory is absolute since removal of cells from an antigenstimulated LN via an indwelling cannula in the efferent is evidence both for and against the consensus view (6, [8] [9] [10] [11] . It has been shown recently in mice that most memory lymphatic completely abrogates the development of systemic memory (3). cells are rapidly dividing and naive cells are not, although long-lived T cells contained a mixture of naive and memory It is essential to know the lifespan of peripheral T cells to help uncover the strategies used to establish and maintain cells (10) . Most studies on the lifespan of naive and memory T cells have been conducted in adult mice (2). The peripheral TCR diversity in the mature T cell population. At the two immune system in mice, however, undergoes very little expanact. 20 Ci/mmol; Amersham International, Amersham, UK) was used for [ 3 H]thymidine administration. T cell lifespan was sion before birth, whereas the peripheral lymphoid organs of species such as sheep and humans develop substantially studied in a total of 18 separate experiments using nine fetal and nine postnatal lambs. Fetal lambs ranging in age between before birth (12) . There are a number of advantages in using sheep to study the ontogeny of the immune system. Gestation 118 and 140 days gestation were infused continuously i.v. at the rate of 125 µCi/h, a dose comparable to that used to is relatively long (150 days) and the placenta sequesters the developing immune system from exogenous antigen and show that the majority of thoracic duct lymphocytes in young adult mice are long lived (21) . In the fetus the cannula was maternal Ig ensuring the developing fetus is truly immunologically naive, and the development of fetal immune competinserted via the jugular vein to a position close to the right heart so that [ 3 H]thymidine was continuously infused directly ence occurs by a regulated program of development independent of foreign antigen (13 
Experimental approach
In order to compare the lifespan of T cells before and after Methods birth [ 3 H]thymidine was administered to fetal and postnatal lambs at a dose similar to that used in experiments in mice Animals and surgery which received [ 3 H]thymidine for periods of up to 8 weeks Pregnant sheep were housed in metabolism cages, and were with no ill effects (21) . This dose was sufficient to label all given lucerne chaff and grain oats ad libitum. Newborn lambs dividing cells in recipient mice and was used to demonstrate were housed with their mothers in pens. Ewes weighed around that the majority of thoracic duct lymphocytes in 8-week-old 40 kg and postnatal lambs had an average birth weight of 4 mice were long-lived cells (21) . In preliminary experiments kg. Fetal lambs ranged in age from 118 to 140 days gestation using identical protocols of [ 3 H]thymidine administration to (term 150 days gestation) and weighed between 2 and 4 kg. those described in this report, various additional tissues were The same procedures for exteriorizing the uterus and exposing sampled. Autoradiograms of tissue sections and smears taken the fetus were used as described by Smeaton et al. (19) .
after 3-4 days of [ 3 H]thymidine administration to fetal and Prescapular LN were cannulated as described previously postnatal lambs showed that Ͼ95% of cells in thymus, bone (20) the labelling period (Fig. 1) . For example, in a 120-day-old fetus, over the 7 days of [ 3 H]thymidine infusion a total of 1.59ϫ10 8 T cells had been collected throughout the course of the experiment of which only 2ϫ10 7 were [ 3 H]thymidine ϩ cells (12.5%), indicating that circulating fetal T cells are not a rapidly dividing population and are long lived (Fig. 1a) .
In a second series of experiments, to avoid depleting the fetus of circulating T cells, an additional six fetuses were infused continuously i.v. with [ 3 H]thymidine for periods ranging from 4 to 26 days prior to birth and the prescapular LN was then cannulated at birth to determine the proportion of [ 3 H]thymidine ϩ T cells in efferent lymph (Table 1) . This enabled us to monitor the addition of newly formed cells to the rapidly growing pool of circulating T cells and, at the same time, to determine the proportion of unlabelled T cells circulating through LN which were added to the pool before [ 3 H]thymidine infusion was commenced. The results of these experiments T cells in prescapular lymph at birth, indicating that 29% of the recirculating T cell population had been formed before 120 days of development (Table 1) . of the lymphoid system in recipient animals which had normal
The majority of long-lived fetal T cells circulating through LN circulating T cell numbers and efferent cell outputs. are replaced after birth by T cells formed during the first week of postnatal life Peripheral T cells circulating through LN in the fetus are longlived cells
When postnatal lambs were given [ 3 H]thymidine for 7 days starting from birth and the appearance of [ 3 H]thymidine ϩ Cannulation of individual efferent lymphatics draining single LN enabled us to examine directly the lifespan of peripheral T cells was followed in efferent lymph the results were quite different from those obtained in the fetal experiments. In T cells circulating between blood and lymph in the fetus. In one series of experiments efferent lymphatic ducts draining contrast to the fetus where the output of [ 3 H]thymidine ϩ T cells after the first day of [ 3 H]thymidine infusion was fairly stable single prescapular LN were cannulated, [ 3 H]thymidine was then given continuously i.v. for 7 days, and the proportion of (Fig. 1) , there was a marked increase in the output of (Fig. 2) . This rise was associated with a decrease in the output of [ 3 H]thymidine -T cells which occurred without the output of T cells fell by~80% over the first 4 days of drainage indicating that the majority of the pool of recirculating T cells steep fall in the total cell output seen in fetal lambs (Fig. 2) . The rate of loss of unlabelled T cells thus indicated the had been drained off by continuous collection (Fig. 1) . The output of unlabelled T cells also fell in tandem with the replacement of fetal T cells by T cells formed after birth.
Overall the percentage of [ 3 H]thymidine ϩ T cells in efferent total cell output; however, in marked contrast, the output of [ 3 H]thymidine-labelled T cells remained fairly constant over lymph in these lambs increased to between 75 and 85% of 31 to 90% [ 3 H]thymidine-labelled T cells indicating that the majority of peripheral T cells circulating through LN into lymph in 1-week-old lambs had been formed after birth (Table 2 ).
Discussion
Our results show that long-lived fetal T cells are rapidly replaced after birth by newly formed T cells, suggesting a major shift in the biology of peripheral T cell populations consequent on birth. The recirculating pool of T cells in sheep is established as part of the normal development of the fetal immune system long before its postnatal involvement in the seeding of memory/effector cells throughout the lymphoid system (17, 18, 22) . The growth of this recirculating population is thymic dependent, it increases in size from~5ϫ10 8 cells at 100 days to~10 10 cells at 150 days gestation (18) and contains all the major T cell subjects circulating in adult peripheral T cells with extensive TCR diversity would confer a substantial capacity on the newborn to mount immune responses to environmental pathogens. It has also been shown in fetal sheep, however, that there is a large-scale traffic of naive T cells and dendritic cells through skin and peripheral tissues as well as through LN which it was suggested may be related to eliminating T cells reactive to self components not expressed in the thymus (17) .
Our results show that recirculating fetal T cells are longlived cells, and they presumably represent long-lived thymic emigrants which continue to migrate between blood and lymph during fetal life since the fetal thymus exports T cells at a rate approximating the growth rate of this peripheral T cell population (24). A fetal T cell population built up in this way from long-lived thymic emigrants would maximize the that the peripheral T cell pool is formed largely by thymic export with very little peripheral expansion (4) and thymic emigrants in young adult mice have also been shown to be long-lived (10) . The situation in young mice may equate to that T cells after 7 days of [ 3 H]thymidine administration (Fig. 3) . In lambs given [ 3 H]thymidine from birth for periods ranging we observe in fetal lambs where a large pool of recirculating peripheral T cells is formed prior to birth. between 2 and 11 days prescapular lymph contained from The immune system of the newborn is exposed for the first neonatal thymic emigrants to determine their contribution to the developing neonatal T cell pool. time to a wide spectrum of dietary and microbial antigens which may result in widespread T cell activation. There is evidence, for example, in virus-infected mice that massive cell division of peripheral T cells occurs in the acute phase Acknowledgements of infection, especially, but not exclusively in the CD8 subset days indicating this compartment is in a highly dynamic state in young adult animals (28). It has also been found that peripheral T cells transferred to syngeneic athymic recipients References undergo extensive cell division and expansion which it was suggested reflected homeostatic control of peripheral T cell than other peripheral lymphoid tissues (30). In the experiments
